
NASA TT F-10,104 

DETFJKEJATION OF THE KAXDUL VALUES OF THE GRAVITATIONAL 
DNFT AND THE DRIFT DUE TO IRSMLJLAR RIGIDITY I 3  

INTEGRATING FLOATEILTYF'E GYWSCOPES 

G . A. Slowan ski y 

I C 

0 L 

_t (PAGES) 

(THRUI 
(ACCESSION NUMBER) 

i 
9 

[NASA CR OR TMX OR AD NUMBER1 

'T'ransiation of WpredeieRiye maksimaif nyKh znacneniy 
graviatatsion-ogo dreyfa i dreyfa o t  neravnozhestkosti 

poplavkovgkh integriruyus hc hikh gi PO skopov". 
Tekhnologiya i Konstruirovaniye Giropriborov, klazhgiz, 

I?OSCOW, pp 7%-82, 196!+. 

GPO PRICE s 
CFSTI PRICE(S) s 

Lrn Hard copy (HC) 

Microfiche (M F) 

ff 853 July 85 

NATIONAL AB?.ONAUTICS AND SPACE AIMDJISTRATIOX 
WASHIFIGTON MAY 1906 



DETEKIXATION OF THE MAXIMAL VALUES OF THZ GFUVITATIONAL 3:m 
DRIFT AKD THE DRIFT DUE TO IRREGULAR RIGIDITY I N  

1NTM;RATING FLOATED-TYPE GYROSC0PE;S 

G.A.Slomyanskiy 
d W  

Derivation of formulas for maximum values of d r i f t  i n  inte-  

grat ing floated-type gyroscopes, proceeding from expressions 

f o r  momenta due t o  t h e  imbalance and i r r egu la r  r i g i d i t y  of 

t he  gyro-unit and a s s h g  t h a t  t h e  f l o a t  i s  absolutely 

r ig id  while the  gyromotor s t ruc ture  i s  not  evenly r i g i d  

and has a fixed e s .  The r e s u l t s  a r e  discussed. 

The moment of noise ac t ing  on the  gyro u n i t  of an in tegra t ing  floated-type 

&yroscope i n  the general  case i s  composed of moments not dependent upon accelera- 

t i o n  and of moments dependent upon acceleration. The first include moments 

produced by f l ex ib l e  current conductors and convection currents  of a f lu id ,  the 

r eac t ive  moments of t he  angle and momentum sensors, e tc .  The moments dependent 

upon accelerat ion are t h e  moments produced by t h e  i n s t a b i l i t y  and i r r e g u l a r  

r i g i d i t y  of t he  gyro d t .  

r i g i d i t y  of the suspension system was f i r s t  indicated by A.Yu.Ishlinskiy 

(Bibl.1). 

The occurrence of gyroscope d r i f t  from the i r r e g u l a r  

When the  instrument moves with l inear  accelerat ion a, t he  l i f t  force and 

t h e  weight (more exactly, t h e  "apparent weight'') of t h e  gyro un i t  (Bibl.2) w i l l  

be respec t ive ly  equal t o  mlw and mw (ml = p V  i s  the  mass of the  l i q u i d  i n  t h e  

volume V of the  gyro u d t ,  m i s  t h e  mass of the  gyro d t ,  w = 1, - a\ ,  and g 

i s  t h e  acceleratior! of gravi ty) ,  and the f loa t ing  axis of t h e  gyro uni t  i s  di- 

-x- Numbers i n  the margin ind ica t e  pagination i n  the  o r ig ina l  foreign t ex t .  
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rected along t h e  napparent vertical".  

tween t h e  l i f t  force  and the  force of t h e  weight of t h e  gyro changes k y  l, - 
- al /g  times i n  comparison with i t s  value a t  a = 0; i n  this case the si@ of 

t h e  difference remains unchanged. As a consequence of this, the  moment due t o  

i n s t a b i l i t y  of the  gyro w i l l  be proportional t o  t h e  first power of t h e  projec- 

t i o n  of t he  vector w = g - a onto t h e  transverse plane of t h e  instrument yz, 

(y  and ~0 are the  output and lateral axes of t h e  instrument). Correspondingly, 

t he  d r i f t  caused by this moment w i l l  also be proportional t o  the  f i r s t  power of 

t he  project ion of the  vector 

Therefore, at  a # 0 the  difference be- 

- 

- - -  

onto the plane yz,. 

Since the  d r i f t  due t o  the gyro unit i n s t a b i l i t y  i s  a function of accelera- 

, i.e., by the value of the  angular d r i f t  deg/hr 
g 

t ion ,  it can be estimated i n  

veloci ty  observed on t h e  ground i n  the absence of t r ans l a t iona l  ve loc i t i e s  

( a  = 0). 

i n  t he  absence of t r ans l a t iona l  ve loc i t ies  ( a  = 0) and with a horizontal  posi- 

t i o n  of the  output a A s  of the  instrument x w i l l  be cal led the  gra-d ta t iona l  

d r i f t .  

instability of the  gyro will be equal t o  t h e  g rav i t a t iona l  d r i f t  mult ipl ied by 

the  value of t h e  project ion of the vector w = g - a onto t h e  yz, plane, ex- 

The d r i f t  caused by i n s t a b i l i t y  of t h e  &yro observed on t h e  ground 

A t  a # 0 and with a horizontal  pos i t i on  of t he  x-axis, the  d r i f t  due t o  

- - -  

pressed i n  f rac t ions  of g. 

For f loa t ing  ,g-roscopes, the  moment caused by the  i r r egu la r  r i g i d i t y  of 

t h e  gyro u n i t  i s  a consequence of the f a c t  tha t ,  f o r  an unequally r i g i d  gyro 

unit ,  t h e  e l a s t i c  displacements of the center  of gravi ty  and of t h e  center  of 

pressure  occur in di rec t ions  tha t  do not coincide wi th  t he  d i rec t ion  of t he  

ac t ion  of the  forces 

t h e  r e su l t an t  d r i f t ,  

t h e  vector  w = g - a 
- - -  

causing these displacements. This moment, and thus a l s o  

a r e  proportional t o  the  second power of t he  project ion of 

onto the  transverse plane of t he  instrument yz,. In  con- 
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f o m i t y  with this, the  d r i f t  caused by i r r egu la r  r i g i d i t y  of t he  ~ y r o  d t  

should be estimated i n  deg’hr , i.e., it can be estimated Sy t h e  value of t h e  

angular d r i f t  veloci ty  observed on t h e  ground i n  t he  absence of t r ans l a t iona l  
g2 

ve loc i t i e s  (a = 0 ) .  

Originally, t h e  gyro unit of an integrat ing floated-type gyroscope con- 

s i s t e d  of a frame with a gyro motor and a hollow cylinder which was placed on 

t h e  s ide  p a r t s  of the  frame, made i n  the form of disks, and hermetically con- 

nected with them. However, i n  t h e  course of time, t h e  frame was eliminated t o  

hipart g rea t e r  r i g i d i t y  t o  t h e  gyro unit, and i t s  functions were taken over by 

t h e  f l o a t .  The f l o a t  consisted of two p a r t s  (each i n  t h e  form of a container) 

hermetically connected with each other. 

t o  one of them. 

gyro motor equally r i g i d  and t h e  f l o a t  absolutely r igid,  f o r  a l l  p r a c t i c a l  

purposes, r e l a t ive  t o  t h e  maximal possible values of t he  forces  actiiig oii It. 

A gyro motor was prel iminari ly  mounted 

With this design of t h e  gyro unit i t  was  possible  t o  make t h e  

Assuming t h a t  the  f l o a t  f o r  p rac t i ca l  purposes is absolutely r i g i d  but 

t he  design of t h e  gyro motor does not s a t i s f y  t h e  condition of equal r i g i d i t y  

and i s  made wlth a f ixed  axle, we Wi l l  derive t h e  expressions f o r  the  moments 

142 and M3 caused, respectively, by i n s t a b i l i t y  and i r r egu la r  r i g i d i t y  of t h e  

gyro unit. For this, we w i l l  introduce the  following symbols (see diagram): 

Point 0 = t rack  of the  output axis of the  instrument x (ax i s  of rota- 

t i o n  of t h e  &yro unit); 

z = axis of ro ta t ion  of t h e  ro to r  of t h e  g;?.o motor; 

y = axis perpendicular t o  t h e  x- and z-axes; 

and C = horizontal  and ve r t i ca l  axes; 

9 = angle of inc l ina t ion  of t h e  z-axis t o  t h e  plane of t h e  

horizon; 
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g = acceleration of gravity; 

ml = mass of f l u i d  i n  the volume of t he  &~rl'o un i t ;  

rl ; tl = polar  coordinates of t h e  center of pressure 01; 

m2 = mass of gyro unit  without gyro motor; 

r a ;  q2 = polar  coordinates of t he  poin t  02 of application of a force 

of weight mzg; 

m3 = mass of gyro motor; /76 
r,; l'rg = polar  coordinates of t h e  point  03 at which the  center of 

mass of the  gyro motor would be located i f  t h e  gyro motor 

were absolutely rigid;  

Q = mass of a ro tor  conponent of t he  gyro motor, su3ject t o  

e l a s t i c  displacement p a r a l l e l  t o  the  y-axis and p a r a l l e l  t o  

the  z - k s ;  

m3 - m4 = mass of an axle component or' the  gyro motor with stator, 

subject t o  e l a s t i c  displacement only p a r a l l e l  t o  t he  y-axis; 

O4 = point  of application of a force of weight (m3 - m4)g; 

O 5  = point  of application of a force of weight m4g; 

m = m2 + m3 = mass of e n t i r e  gyro unit; 

r, Q = polar  coordinates o f  t h e  center  of mass of the  e n t i r e  gyro 

u n i t  with an absolutely r i g i d  gyro motor; 

KSy = transverse r ig id i ty  of an axle  component of the  motor with 

s ta tor ;  

and K,, = radial ard axial r i g i d i t i e s  of a component of t he  ro to r  w i t h  

bearings; 

= e l a s t i c  displacement of t h e  center of mass of an axle com- 
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ponent, with the  s t a t o r  p a r a l l e l  t o  t he  y-axis; 

= e l a s t i c  displacements of the  center of mass of a r o t o r  

component with bearings relative t o  t h e  center of mass of 

axle component with t h e  s t a t o r  p a r a l l e l  t o  t he  y- and z-axes, 

respectively. 

t I"' 

Derivation of t he  Expression f o r  t h e  Moment I!= Caused by 
I n s t a b i l i t y  and Irregular  Rigidity of t he  Gyro U n i t  

On t h e  bas i s  of eqs.(l)  and (2) it can be derived tha t  t he  forces,  depicted 

i n  the  diagram, produce the  following moment about t he  x-axis: 

where 

I n  eq.(3), t he  f irst  two terms represent t he  moment Mz caused by t h e  in- 

5 
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s t a b i l i t y  of t h e  .gyro un i t  r e l a t i v e  t o  the  x-axis. Thus, 

The t h i r d  tern i s  the moment E3 caused by the  i r r egu la r  r i g i d i t y  of t h e  

QTO motor. Consequently, 

. ,  
I 

Using the  equalities ( 6 )  and ( 7 ) ,  we can present eq.(k) i n  the  form of 

M, = M, mrx C O q e  - e*). ( 8 )  

The moment M2, i n  pr inciple ,  can be equated t o  zero f o r  any value of t h e  

angle 3, by various methods. However, so t h a t  K2 = 0 a t  aqy possible  value of 

t h e  mass m l ,  which i s  a function of the temperature of t h e  f lu id ,  it i s  neces- 

sary t h a t  r = 12 = 0, i.e., t h a t  t he  center of mass and t h e  center of pressure 

of t he  gyro unit be on i t s  a x i s  of rotation. With any other  method of maldng 

t h e  moment >I2 vanish, the  equality Mz = 0 will not be invariant  with respect /7c3 
t o  t h e  possible  values of t h e  mass ml.  

t u r e  of t h e  f l u i d  the moment M2 i s  made t o  vanish by reducing the  center  of 

For example, i f  a t  a ce r t a in  tempera- 

mass and the  center of pressure to  a s ingle  point which does not  l i e  on the 

a x i s  of ro ta t ion  of t he  gyro u n i t  (m = ml, tf = t1, r = rl # 0),  then a change 

i n  temperature will cause the  equality ml = m t o  be disturbed owing t o  a change 

in ml, as a consequence of which, a t  r = rl # 0, the moment I42 W i l l  cease bei'rg 

equal t o  zero. 

It i s  @te d i f f i c u l t  t o  make the moment M2 precisely and s tably equal t o  

6 



zero. 

f u l  balancing of t h e  gyu, unit  by a spec ia l  procedure w i t h  t he  use of high- 

prec is ion  devices. 

A decrease i n  the moment &!z t o  a value close t o  zero i s  achieved by care- 

It i s  apparent from eq.(5) t ha t ,  on any change i n  t h e  angle 0, t h e  moment 

M, w i l l  change with a doubled frequency and i t s  peak amplitcde Will be 

yielding, f o r  t he  angles 

So t h a t  the  moment Me w i l l  be equal t o  zero at  aqy value of t h e  angle n, 

it i s  necessary t o  observe the  foXLow5ng condition: 

which i s  the condition of equal r i g i d i t y  i n  t h e  case under consideration. When 

exact s a t i s f a c t i o n  of this condition i s  d i f f i c u l t ,  t he  residual  v a h e  of t h e  

moment caused by the i r r e g u l a r  r i g i d i t y  can be compensated by a spec ia l  com- 

pensator, which i s  a small mass mounted t o  a f l a t  spring. 

spr ing about i t s  long axis, we can change t h e  sense of i t s  deformation and thus 

also the  d i rec t ion  of displacement of t h e  mass. 

ro t a t ing  t h e  

By eqe r imen ta l ly  se lec t ing  

t h e  pos i t i on  of the  spring,- can theore t ica l ly  achieve complete equal r i g i d i t y  

of the  system. 

un i t  i n  the  d i rec t ion  of the  axis along which it has a grea te r  r i g i d i t y .  

This compensator, as it were, reduces the  r i g i d i t y  of the gyro 

I n  the  general  case, d r i f t  o f  an in tegra t ing  floated-type gyroscope i s  

caused by t h e  moment act ing about the x-axis 

where MI i s  the  moment of noise  which 5 s  not dependent upon acceleration, i n  

o ther  words, the  moment due t o  causes not associated w i t h  i n s t a b i l i t y  and un- 

7 



equal r i g i d i t y  of the  ,~JTO unit .  The noments ri, and & are determined by L24. 
eqs.(8) and (5). Correspondingly, i n  the general case t h e  angular d r i f t  ve- 

l oc i ty  i s  

where 

Here, H i s  the  i n t r i n s i c  (k ine t ic )  moment of the  gyroscope. 

\?e will designate 

as the maximum value 

which i s  independent 

as t h e  maJdmum value 

gyro unit;  

as t h e  W ~ u m  value 

of t he  veloci ty  of d r i f t  caused by t h e  moment of noise 

of acceleration; 

of the  veloci ty  of drift caused by i n s t a b i l i t y  of the  

of t he  veloci ty  of d r i f t  caused by i r r egu la r  r igi ,di ty  of 

t h e  gyro unit ( i n  our case, of the  &yro motor). 

When designing an integrat ing floated-type gyroscope, t h e  k ine t ic  moment H 

and t h e  f igure  of merit D of t h e  g y m  motor ( D  = E/P3, where P3 i s  the  weight 

of t h e  gyro motor) should be selected as a function of t h e  given values of 

W d 2 m a x  and W d 3 m a x  according t o  the  foLLowing formulas derived from eqs.(&), 

(61, (151, and (9): 

q 1 4 -  D w== .dZmrx; (16) 

where 
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a = P/P3 (P i s  the  weight of the gyro un i t ) ;  

b = Q/P (Q i s  the  weight of the f l u i d  i n  the  volume of t he  &yro un i t ) ;  

c = n/r; 
d = P4/P3 (P4 i s  t h e  weight of t h e  r o t o r  of t h e  gyro motor). 

designations a re  as before. 

The o ther  

Equation (16) i s  derived on t h e  assumption t h a t  tfil - 4~ = IT, since i n  this 

case the  moment li:amcrx determined by eq.(6) has, o ther  conditions being equal, 

t h e  highest  value. 

So t h a t  t h e  component of the  angular d r i f t  velocity,  which does not ,& 
depend on the  acceleration, win not exceed t h e  -1 permissible T d u e  W d l m a x ,  

t h e  following inequal i ty  must be observed 

M I  m8X 4 Hedl * (18) 

With an equally r i g i d  gyro motor, H and D should be determined by eqs.(U) 

and (16). 

A s  i s  known, t h e  angular d r i f t  veloci ty  of in tegra t ing  floated-t-ype gyro- 

scopes i s  determined by a spec ia l  dynamic stand whfich p e d t s  measuring it both 

i n  a hor izonta l  pos i t ion  of the x-axis and at  various values of t h e  angle 0 and 

in t he  case where t h e  x-axis is  ver t ical .  Let 11s assume t h a t  t h e  angular d r i f t  

ve loc i ty  measured at  angles 0 equal t o  0, 

t o  x!d (01, wd (e), and e&(+) 0 me angular d r i f t  veloci ty  measured a t  a 

v e r t i c a l  pos i t ion  of the  x-axis w i l l  be denoted by U ) d v e r t .  

be taken f o r  t h e  veloci ty  w d l  since, a t  a v e r t i c a l  pos i t i on  of the  x-axis, 

li2 = Y3 = 0 so t h a t  the  d r i f t  i s  caused only by t h e  moment 141. 

arld 2- i s  respect ively e q x d  -6 2 '  

T h i s  Velocity can 

1 we will show how t o  deteITline Wdalacrx m d  W d 3 m a x  if W d v e r t ,  w d ( c ) ,  wd(+), 

and Wd(-&) are h o r n .  

From eqs.(4) and (6)  we see t h a t  

9 



where M2(C) and N 2 ( L '  are the  values of the moment N f i ~ ,  respectively, f o r  
' 2 1  

Tr 

T' 8 = G a n d 9  = 

Substi tuting eq.(19) i n t o  eq.(%), we obtain 

where wd2(0) and wd2(+j are the  angular ve loc i t ies  of grav i ta t iona l  d r i f t  for 

8 = c and e = T,  respectively. From eq.( 5) and f r o m  eq.(12) f o r  o)d3  we see 

tha t ,  f o r  these values of the  angle 8,  t he  angular dr5f t  velocity i s  wd3 = 0; 

conseq-mritly, from eq . ( l l )  it follows tha t  

Tr 

Subst i tut ing eq.(21) i n to  eq.(X,), w e  derive the  f i n a l  formula f o r  calcu- 

k i t ing  t h e  miudmum Ia lue of the  gravi ta t ional  d r i f t :  /81 

tJe see from eq.(8) t h a t  w d 2 n a x  win occur at angles 6 equal t o  8%- and 

A t  both angles, t he  direction of the  d r i f t  W i n  5e the same. TI + 8%. 

From eqs.(4) and (7), we obtain 

9' = tan'l 4:) 
W O )  

Using the  equality (12) f o r  cud2 and eq . (a ) ,  we get  

10 
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Equations (5),  ( 9 ) ,  and (15) d i r ec t ly  show that (UdSnax w i l l  occur a t  

angles 8 determined by t h e  equal i ty  (10) and, i n  par t icu lar ,  when 8 = --. ll 

4- 
Therefore, on the  basis of eq.( l l )  we can write 

ll 
where wd2(+) i s  the  d u e  of (uda at = -. 4 

Assuming 8 = + i n  eq.(&), we obtain 

Subst i tut ing this expression and t h e  equalities (21) i n t o  (a), we oh- /82 
t a i n  the  f i n a l  formula f o r  calculat ing t h e  maximum value of drift caused 'b3~ t h e  

i r r e g u l a r  r i g i d i t y  of t h e  gyro un i t :  

n u s ,  f o r  calculat ing t h e  values of Wd2m a x ,  Wd3max, and 0" it i s  necessary 

t o  know [as we see from eqs.(22), (25), and (23)l  t h e  angular d r i f t  ve loc i t ies  

:!>d(O), (Ud(+), wd(-&), and w d y e r t r  HOWWTer, it should be noted tha t ,  with a 

horizontal  pos i t ion  of t he  x-axis, the veloci ty  w,,'may differ somewhat from 

W d v s r t  Fxirthermore, a t  various values of t he  angle 9, t he  veloci ty  can 

a l s o  have various values. 

deternining 

v o l n m  meamring u)d i n  t he  horizontal  pos i t i on  of the  x-axis and various values 

of t h e  angle 9 from 0 t o  360" at equal in te rva ls ,  f o r  example every 30". Then, 

Therefore, along with t h e  indicated simple method of 

a x  and C I ' ~ ~ ~  a x ,  another method sholdd be recornended which in- 



KASA TT F-10,1@!+ 

the  graph of the dependence of LL'd on 9 i s  analyzed by the  harmonic balance 

method. 
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